Objective. Arthritis activity assessments in psoriatic arthritis (PsA) have traditionally relied on tender and swollen joint counts, but in rheumatoid arthritis, multiple studies have demonstrated subclinical inflammation using modern imaging. The aim of this study was to compare clinical examination and ultrasound (US) findings in an early PsA cohort. Methods. Forty-nine disease-modifying antirheumatic drug-naive patients with recent-onset PsA (median disease duration 10 months) underwent gray-scale (GS) and power Doppler (PD) US of 40 joints plus tender and swollen joint counts of 68/66 joints. GS and PD were scored on a 0 -3 semiquantitative scale for each joint. Clinically active joints were defined as tender and/or swollen and US active joints were defined as a GS score >2 and/or a PD score >1. Conclusion. This study has demonstrated that subclinical synovitis, as identified by US, is very common in early PsA and led to the majority of oligoarthritis patients being reclassified as having polyarthritis. Further research is required into the relationship of such subclinical synovitis to structural progression.
INTRODUCTION
The emphasis placed on treating inflammatory arthritis as early as possible to minimize damage and functional disability has been shown to be effective in rheumatoid arthritis (RA) (1, 2) , and the concept has been extended to other inflammatory arthritides such as psoriatic arthritis (PsA). Such a treatment strategy requires accurate assessment of disease activity. Traditionally, clinical examination (CE) in the form of tender and swollen joint counts has been used to assess disease activity, particularly in the absence of reliable PsA-specific biomarkers. The 68/66 joint count has been recommended for use in PsA (3) because reduced joint counts miss a significant proportion of active disease.
Ultrasound (US) has been shown to be a sensitive method, particularly when compared to CE, for assessing both disease activity and damage in inflammatory arthritis, including PsA (4, 5) . In RA, multiple studies have shown subclinical joint disease using US assessment of disease activity (6 -8) and its subsequent association with erosion progression (9, 10) .
Wakefield et al have highlighted the occurrence of subclinical disease in 13% of joints scanned in a mixed recent-onset oligoarthritis cohort using US (7) . More recently, studies in psoriasis cohorts (without clinical evidence of PsA) have shown a high prevalence of synovitis and enthesopathy (11) (12) (13) . Naredo et al demonstrated US synovitis in 3.2% of joints in their psoriasis cohort that did not have musculoskeletal disease (n ϭ 162), compared to 1.3% in their control group of patients with other skin diseases and no musculoskeletal disease (n ϭ 60; P Ͻ 0.0005) (11) . A non-contrast-enhanced magnetic resonance imaging study of the feet of 26 psoriasis patients (with clinically asymptomatic feet) and 10 controls showed joint effusion/synovitis in 46% of patients, but in none of the controls (14) . However, US was not used in this study. A small study of psoriasis patients with recentonset joint symptoms has shown presence of gray-scale (GS) and power Doppler (PD) US activity in clinically inactive joints (15) , but the potential presence of subclinical synovitis in PsA has not been addressed.
Peripheral arthritis in PsA has typically been divided into polyarthritis (Ն5 joints involved) and oligoarthritis (Ͻ5 joints involved) (16, 17) . Oligoarthritis accounts for a significant proportion of patients presenting with PsA. In the original series by Moll and Wright (17) , oligoarthritis accounted for more than 70% of PsA patients and in subsequent series has ranged from 14 -37% (16, 18, 19) . Oligoarthritis has typically been considered a milder form of the disease, and there are few evidence-based therapies available for this subgroup. Recent European League Against Rheumatism (EULAR) recommendations for the treatment of PsA provide an algorithm for treatment where the presence of polyarthritis (Ն5 active joints) is an adverse prognostic factor that should result in more rapid escalation of therapy (20) . However, patients with oligoarthritis experience a significant impact on function and quality of life, particularly in PsA (21) . Imaging with US may be able to differentiate more accurately between oligo-and polyarticular disease to help guide therapeutic decisions.
The aim of this study was therefore to compare CE and US findings in an early PsA cohort to explore the frequency of subclinical synovitis and identify which joints commonly have subclinical disease. Given the common classification of PsA into oligoarthritis and polyarthritis, we aimed to see if subclinical synovitis affected patients' classification into these subgroups.
SUBJECTS AND METHODS
Forty-nine patients with recent-onset PsA, defined as a disease duration Ͻ24 months, enrolled in the Tight Control of Psoriatic Arthritis (TICOPA) trial (22) , and 8 control subjects without joint pain or diagnoses of psoriasis or arthritis were recruited. All gave informed, written consent. Ethical approval for this study was given by the North East-York Research Ethics Committee. Patients fulfilled the PsA criteria of the Classification of Psoriatic Arthritis Study Group (23) and had never taken diseasemodifying antirheumatic drugs (DMARDs). They had clinically active disease, defined as Ն1 active (tender and/or swollen) joint, Ն1 tender enthesis, or a Bath Ankylosing Spondylitis Disease Activity Index score Ն4 for axial disease.
Non-US assessment. All patients and controls had a clinical assessment, including a 68/66 tender/swollen joint count. A classification of oligoarthritis (Յ4 joints) or polyarthritis (Ն5 joints) by CE was based on the 68/66 clinical joint count. Other assessments included measurement of rheumatoid factor, anti-cyclic citrullinated antibody, and body mass index. Active clinical joint involvement was defined as Ն1 tender and/or swollen joint. The ultrasonographer scanning the patient was unaware of the CE findings of the patients. PD was assessed using a pulse repetition frequency of 750 Hz and medium wall filter, and gain was adjusted until the background signal was removed. Bilateral posterior glenohumeral joints (n ϭ 50 PsA, control data not available), olecranon fossa (n ϭ 98 PsA, n ϭ 16 control), wrists (n ϭ 98 PsA, n ϭ 16 control), metacarpophalangeal (MCP) joints 1-5 (n ϭ 488 PsA, n ϭ 80 control), proximal interphalangeal (PIP) joints 1-5 (n ϭ 488 PsA, n ϭ 80 control), knees (n ϭ 98 PsA, n ϭ 16 control), tibiotalar (n ϭ 98 PsA, n ϭ 16 control), and metatarsophalangeal (MTP) joints 1-5 (n ϭ 490 PsA, n ϭ 80 control) were examined. Each joint was scanned in
Significance & Innovations
• Approximately 75% of patients with early psoriatic arthritis have evidence of subclinical synovitis, with a median of 3 additional joints affected.
• Subclinical disease is most common in the wrist, knee, and metacarpophalangeal joints.
• The majority of patients with clinical oligoarthritis actually have polyarticular disease if subclinical synovitis is considered.
both longitudinal and transverse planes. For the wrist, the radiocarpal, intercarpal, and ulnar-carpal joints were scanned and the highest GS and PD scores for any compartment were used as the overall score in this analysis. For the knee, the suprapatellar pouch and medial and lateral gutters were scanned and the highest GS and PD scores for any compartment were used in this analysis as the overall score. The GS/PD joint scoring system used was that of the EULAR/Outcome Measures in Rheumatology system, which was developed on smaller joints but shown to be applicable to larger joints with good reliability (Keen H: unpublished observations). GS and PD were scored separately on a 0 -3 semiquantitative scale (as used in RA studies [6] ) for each joint imaged. Because of the difficulties in distinguishing swollen synovium from effusion, these features were combined into one overall GS score, as per Bruyn et al (24) . A GS score Ն2 and/or a PD score Ն1 were used to identify US active joints, since low-level GS changes can be seen in normal subjects (25) . The probe positions and landmarks used were in line with Backhaus et al (26) .
Statistical analysis. The proportion of both patients and joints with subclinical synovitis was calculated. When defining symmetric disease, symmetry was defined as a symmetry number of Ն0.5, where the symmetry number was calculated as the number of joints as symmetric pairs divided by the total number of joints involved (27) . The level of agreement between the 2 sonographers and between CE and US when detecting synovitis was quantified descriptively as the proportion of joints in which both methods exactly agreed over the presence or absence of synovitis (percentage exact agreement [PEA]), proportions of category-specific negative and positive agreement (Sp0 and Sp1 for absence and presence of synovitis, respectively), and the proportions of joints where CE and US disagreed in either direction (US Ͼ CE, US Ͻ CE). Categoryspecific agreement was defined as the proportion of the total number of positive or negative ratings (CE ϩ US) that were concordant. The kappa statistic was also calculated and supplemented with the prevalence-adjusted biasadjusted kappa (PABAK) statistic to give an indication of the extent to which differences in the overall level of synovitis identified by each assessment method together with imbalances in the proportions of joints with and without synovitis affected the calculated value of kappa.
RESULTS
Clinical assessment. The clinical characteristics of the early PsA cohort are shown in Table 1 . Although clinical arthritis was not a requirement for entry, all patients did have active arthritis of Ն1 joint at the time of inclusion. Thirty (61%) of 49 PsA patients and no control subjects were taking nonsteroidal antiinflammatory drugs (NSAIDs). Since patients had active disease at the time of assessment and were not receiving treatment with DMARDs, they were allowed to continue on NSAIDs for symptomatic relief.
A total of 47 (96%) of 49 patients had Ն1 joint showing subclinical synovitis; in these patients, the median number of joints with subclinical synovitis was 4 (interquartile range [IQR] 2-7, range 1-19). Subclinical PD changes were identified in 17 (34.7%) of 49 patients; in these patients, the median number of joints with subclinical PD was 1 (IQR 1-2, range 1-4). Excluding MTP joints and ankles, 37 (75.5%) of 49 patients had subclinical synovitis (median 3 [IQR 1-4], range 1-11); 15 (30.6%) of 49 had subclinical PD changes (median 1 [IQR 1-2], range 1-4). The distribution of subclinical synovitis defined by the combination of GS and/or PD US signal in different joints assessed is shown in Figure 1A . Subclinical synovitis (defined as a GS score Ն2 and/or a PD score Ն1 in a joint, in the absence of tenderness or swelling) was seen in 12 Table 2 shows further detail of US findings, with the number of joints with US synovitis defined by GS alone, PD alone, and the combination of GS or PD activity. Positive GS scores, as opposed to positive PD scores, were the predominant contributor to the US changes in the MTP joints; the percentage of joints with a PD score Ն1 was There were 8 control patients scanned (all women) with a mean Ϯ SD age of 49.8 Ϯ 9.6 years. Although 75% of the controls (6 of 8) had subclinical synovitis in Ն1 joint (median 2, range 0 -8) and 6% of the joints scanned (18 of 304) were affected, in contrast to the PsA patients, almost all of the affected joints were located in the feet and none had active PD; 16 were MTP joints, all with a GS score of 2 but with a PD score of 0. The remaining 2 joints (0.9% of 224 joints scanned, excluding MTP joints and ankles) were the 2 knees of 1 control patient also with a GS score of 2 but with a PD score of 0.
Apparent clinical overestimation of synovitis occurred most commonly at the shoulder (38% [19 of 50 joints]) and ankle (28.6% [28 of 98 joints]), as shown in Table 3 and Figure 1B . None of these shoulder or ankle joints had any evidence of US synovitis (all had a GS score of 0 and a PD score of 0). The shoulder joints were all deemed clinically active due to tenderness; none were swollen. Half of the ankle joints were swollen (50% [14 of 28] ) and the majority (86% [24 of 28] ) were tender. This may represent patients reporting pain from other causes, limitations or misinterpretation of CE, or a limitation of the sensitivity of US to identify synovitis, particularly in larger joints where a limited sonographic window may be a concern. However, rates of clinical overestimation were lower in the knee, Figure 1 . Graphical summary (homunculus) of A, subclinical synovitis (shown in red), graded according to the proportion of joints in which ultrasound (US) was positive (gray-scale [GS] score Ն2 or power Doppler [PD] score Ն1 present) and clinical examination (CE) was negative (no tenderness or swelling) and B, apparent clinical overestimation of synovitis (shown in red), graded according to the proportion of joints in which US was negative (GS score Ն2 or PD score Ն1 absent) and CE was positive (tenderness and/or swelling present). White ϭ 0% of joints; red ϭ 50% of joints. and the majority of those found to be clinically active but inactive on US had a GS score of 1 (69% [9 of 13]). Of the 49 patients, 38 were classified as having polyarthritis and 11 were classified as having oligoarthritis on clinical assessment. Of the 11 clinical oligoarthritis patients, US evidence of subclinical synovitis identified 9 (81.8%) as having polyarthritis. The clinical oligoarthritis patients (n ϭ 11) had a median joint count of 3 (IQR 3-4, range 1-4). Of these, the 9 patients who were reclassified as having polyarthritis had an increase in their median joint count from 3 (IQR 3-4, range 1-4) to 7 (IQR 6 -11, range 6 -14). In the polyarthritis group, US assessment was associated with an increase in the median joint count from 12 (IQR 8 -20, range 5-55) to 19 (IQR 14 -27, range 7-55). Excluding MTP joints and ankles, of the 49 patients, 37 were classified as having polyarthritis and 12 were classified as having oligoarthritis on clinical assessment. Of the 12 clinical oligoarthritis patients, US evidence of subclinical synovitis identified 8 (75.0%) as having polyarthritis. The clinical oligoarthritis patients (n ϭ 12) had a median joint count of 3 (IQR 1-4, range 1-4). Of these, the 8 patients who were reclassified as having polyarthritis had an increase in their median joint count from 3 (IQR 1-4, range 1-4) to 6 (IQR 5-7, range 5-9). In the polyarthritis group, US assessment was associated with an increase in the median joint count from 9 (IQR 7-19, range 5-46) to 14 (IQR 9 -21, range 5-46). If we allowed US evidence of the presence or absence of synovitis to revise the clinical joint count up or down, then 6 of 12 of those with clinical oligoarthritis were found to have polyarthritis (increased from median 4 [IQR 1.75-4] to 6 [IQR 5-7.25]), while 3 of 37 patients with clinical polyarthritis were found to have oligoarthritis. The joint counts of these 3 individuals changed as follows: 5 joints revised to 1 (wrists, MCP1, and MCP3 discrepant), 6 joints revised to 4 (elbow, shoulder, and wrist CE Ͼ US, MCP3 CE Ͻ US), and 7 joints revised to 3 (shoulder, MCP2, and both PIP2 and PIP3 CE Ͼ US, PIP1 CE Ͻ US).
For a subset of joints (1,198 of 1,320, excluding MTP joints and ankles), patient-reported pain in the joint was available. Of the clinically active joints, 44% (141 of 324) were reported to be painful. Of the clinically inactive joints (without tenderness or swelling), 8% (69 of 874) were reported to be painful; 18% (20 of 114) of joints with subclinical synovitis were reported to be painful compared to 6% (49 of 760) of joints without subclinical synovitis. At the patient level, there were 8 patients who had Ն1 painful, clinically inactive joint (median 2 [IQR 1-4], range 1-11). There was no substantive correlation between the number of painful, clinically inactive joints and the number of joints with subclinical synovitis (n ϭ 47; ϭ 0.134, P ϭ 0.370).
When comparing overall agreement between clinical assessment and US assessment (excluding MTP joints and * CE ϭ clinical examination; US ϭ ultrasound; GS ϭ gray-scale; PD ϭ power Doppler; PEA ϭ percentage exact agreement; Sp0 ϭ agreement specific to a score of 0; Sp1 ϭ agreement specific to a score of 1; 95% CI ϭ 95% confidence interval; PABAK ϭ prevalence-adjusted bias-adjusted kappa; MCP ϭ metacarpophalangeal; PIP ϭ proximal interphalangeal; MTP ϭ metatarsophalangeal. † Posterior glenohumeral joint. ‡ Olecranon fossa. § Tibiotalar joint. ¶ Excluding MTP joints/ankles.
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Freeston et al ankles), the PEA was 74% (982 of 1,320) when clinical involvement was defined as tender and/or swollen and US involvement was defined as a GS score Ն2 and/or a PD score Ն1. Agreement on negative results (i.e., no clinical or US synovitis) was 83% (1,666 ratings concordant of 2,004 ratings) and agreement on the presence of synovitis was 47% (298 of 636). The PABAK statistic was 0.48. In summary, the overall PEA was relatively high, but this was largely due to the predominance of zero scores. A total of 62.5% (30 of 48; 1 patient's NSAID status was unknown) of patients were taking NSAIDs at the time of their assessment, which is known to potentially affect US results (28) . Therefore, agreement was specifically investigated to see if NSAID use may have affected the results. The PEA between CE (tender and/or swollen) and US (GS score Ն2 and/or PD score Ն1) assessments was similar in NSAID users compared to nonusers (PEA 76% versus 72%); agreement over the presence of synovitis was slightly better, but the proportions of patients with overand underestimation of synovitis when comparing clinical and US assessments were very similar. The kappa statistic was higher in NSAID users than nonusers (0.38 versus 0.15), which could have been due to a higher prevalence of US synovitis in this group (23.6% of joints scanned versus 18.1%); the PABAK indicated that agreement was similar in the 2 groups (0.52 versus 0.44) ( 
DISCUSSION
This study has shown that subclinical synovitis, as identified by US, is very common in early PsA, with 96% of patients having evidence of subclinical synovitis in at least 1 joint. Subclinical synovitis (defined as a GS score Ն2 and/or a PD score Ն1 in a joint, in the absence of tenderness or swelling) was seen most frequently in the wrist (30.6% of joints), knee (21.4% of joints), MTP1 (26.5% of joints), and MTP2 (33.7% of joints). Of note, the GS component of the US changes was driving the scores in the MTP joints, which may suggest an element of mechanical/ noninflammatory etiology in the MTP joints rather than active PsA alone. However, high proportions of other joints, particularly the wrists and knees, showed both GS synovial hypertrophy and PD signal, indicating increased blood flow. Clinically, this finding of such significant subclinical disease is particularly important, since US evidence of subclinical synovitis led to 81.8% of oligoarthritis patients being reclassified as having polyarthritis. Some tender and/or swollen joints were not found to have US evidence of disease activity. This may result from tenderness related to surrounding structures such as the entheses/bursae, misinterpretation of swelling by the clinical assessor, or limited sensitivity of US to identify synovitis. The last issue is particularly of concern in larger joints such as the shoulder, ankle, and elbow, where a higher discordance was found.
Limitations of our study include the scanning protocol and the use of NSAIDs by some patients. It was not possible to blind the ultrasonographer to the presence of psoriatic plaques adjacent to scanned joints, which may have led to increased attribution of pathology in the respective joints. Although 40 joints were scanned in each patient, there were some joints not assessed by US, and the prevalence of subclinical disease in these joints is unknown. This study did not address the significance of subclinical disease in terms of the potential for structural progression. It is not currently known whether there is a particular level of subclinical disease that results in joint damage in PsA, although this area has been addressed in RA (10) . Further work is required to answer this important research question. This study also only aimed to address peripheral joint disease activity and did not address other domains of the disease such as skin and entheseal disease or the overall impact of disease on patients. These other factors should be taken into account when addressing disease activity and severity in patients with PsA.
With respect to NSAID use, overall there was slightly better agreement between clinical and US assessment in NSAID users compared with non-NSAID users. A greater proportion of NSAID users had synovitis when assessed by US. This higher frequency of synovitis may be expected, since patients with worse symptoms are more likely to be taking NSAIDs and there may still be an underestimation if some synovitis is suppressed by these therapies. This is a cross-sectional rather than longitudinal comparison; therefore, the results do not allow us to infer about the suppressive effects of NSAIDs on synovitis. However, the use of NSAIDs did not greatly affect the levels of subclinical synovitis or the overestimation of clinical synovitis, ensuring that there was no major bias introduced by those patients taking NSAIDs in the cohort. These study data are in line with studies showing evidence of subclinical joint inflammation in cohorts of psoriasis (11) and psoriasis "with joint symptoms" (15) , which may represent a disease continuum with early PsA. Naredo et al demonstrated US synovitis in 3.2% of joints in their psoriasis cohort compared to 1.3% in controls (P Ͻ 0.0005) (11). Nigg et al, using US in their cohort of psoriasis patients with joint symptoms, showed that 52% of joints with a GS score Ն2 and 30% of joints showing PD activity were clinically inactive (15) .
Although oligoarthritis accounts for approximately 30% of cases of PsA, it has been less studied than polyarthritis, and this lack of research impacts the availability of evidence-based therapies. In an early US study of 80 patients with oligoarthritis (Ͻ12 months of symptoms), 13% (107 of 826) of asymptomatic (nonpainful) joints had USdetected synovitis (7) . Interestingly, 36% of their patients with oligoarthritis were reclassified as polyarticular following the US assessment. The number of patients with evidence of psoriasis was not reported in that study, nor was a Doppler US technique employed. Ten-year outcomes in a cohort of patients with oligoarthritis have shown a significant impact on function and quality of life, with poorer results seen for those with PsA (21) . The prevalence of subclinical synovitis in this cohort may partly explain the relatively poor outcomes for those with oligoarticular PsA. Given that current treatment recommendations published by the EULAR recommend stratifying the treatment algorithm by oligo-and polyarticular disease (20) , the existence of such significant subclinical synovitis may alter treatment decisions for patients.
In summary, subclinical synovitis was a common finding in this study of early PsA, leading to reclassification of a high number of patients from oligoarthritis to polyarthritis. These preliminary data require confirmation in a large study with longitudinal followup to determine the effect on structural progression.
